An Escherichia coli mutant, ts9, previously reported by Flaks et aL (Cold Spring Harbor Symp. Quant. Biol. 31, 623-631, 1966) to have an electrophoretically altered ribosomal protein, has been further characterized and the altered component has been identified as L7/L12. Although mutant ts9 is temperature sensitive for growth (rts-), the rts and L7/L12 mutations are genetically separable and are both located between argH and rif. The L7/L12 mutation (rpyL) maps very close to reiC, mutants of which have a defect in the 50S ribosomal subunit. The gene order is argH-rts4.rpyL, reIC-rif. Protein synthesis directed by bacteriophage XcI857S7dri#18 in ultraviolet-irradiated cells indicates that L7/L12, as well as LI, L10, Lii, and possibly L8 or L9 are coded by the phage DNA. Our results indicate that rpyL is the structural gene for L7/L12 and that this region of the E. col chromosome contains a cluster of structural genes for ribosomal proteins.
With one exception the known structural genes for the Escherichia coli ribosomal proteins are clustered near the strA locus at 64 min on the genetic map of Taylor and Trotter (1) (for reviews see refs. 2 
and 3)
. The structural gene for the S18 protein, rpxR, is well separated from this cluster at 84 min (4) . Other mutations affecting ribosomal function or maturation are known to map elsewhere, but they are either not structural genes for ribosomal proteins, as in the case of ksgA and ramB (5, 6) , or the biochemical nature of the mutation'is not completely known. Two of the latter, reMC and rts, both affect the 50S subunit and both have been mapped near the argH locus (7, 8) . Mutants of reiC have altered control of RNA synthesis (are relaxed) and have been shown to have a defective 50S ribosomal subunit in vitro (7) . The strain containing the rts mutation, ts9, was initially isolated as a mutant unable to grow at 420. Subsequently an alteration in a 50S ribosomal protein from this mutant was found by one-dimensional polyacrylamide gel electrophoresis. The temperature sensitivity and the electrophoretic alteration of the ribosomal protein were shown to be due to two independent mutations (8) .
We have re-examined the ribosomal proteins of mutant ts9 to identify the altered 50S protein, and have further mapped the mutations in this strain in relation to relC and other markers in this region. We have also examined the proteins synthesized in vivo following infection of E. coli with a defective X bacteriophage carrying the rpyL and relC loci. Our (10) . The M9 medium contained 50 Asg/ml of L-amino acids, 20 ,ug/ml of uracil, and 10 tg/ml of thiamine as required.
Bacteriophage Transduction. Transductions mediated by P1 bacteriophage were carried out in L-broth as described by Lennox (10) . The XcI857S7drif12 lysate was prepared by heat induction of strain NF835 as described by Kirschbaum and Konrad (11) . Transductions with this phage were carried out as described by Signer (12) . Rifampicin resistance (rifR) was selected by spreading the cells after phage adsorption onto a membrane filter which was placed (cells up) onto the surface of L-broth agar. After Friesen et al. (7) .
Salt-washed ribosomes were prepared as described in ref.
13. Ribosomal proteins were extracted with glacial acetic acid (14) . Two-dimensional electrophoresis was carried out by the method of Kaltschmidt and Wittmann (15) , with 8% polyacrylamide, pH 8.6, in the first dimension and 18% polyacrylamide, pH 4.6 in the second dimension. The apparatus used was similar to that of Reid and Bieleski (16) . In order to score large numbers of strains for the presence of the altered electrophoretic mobility of ribosomal proteins, the following procedure was used: Cultures were grown overnight in 200 ml of L-broth. Cell pellets were ground in 2 g of alumina (Sigma, type 305) and resuspended in 10 ml of buffer B (13) . Crude S-30 preparations were made by centrifuging for 30 min at 30,000 X g. Eight milliliters of each supernatant was centrifuged a second time for 1 hr at 200,000 X g and the crude ribosomal pellets were resuspended by shaking overnight at 40 in 1.0 ml of Hamel's extraction buffer (17) . Ethanol extracts were prepared at 300 by the method of Hamel (17) . The extracts were separated on one-dimensional polyacrylamide gels at pH 8.9 (18) (15) . The gels were dryed and exposed to x-ray film for 3-14 days.
RESULTS
The Altered Protein in Mutant ts9 is L7/L12. To identify the ribosomal protein which is altered in mutant ts9, total ribosomal proteins from the mutant and those of a wild-type strain were compared by two-dimensional polyacrylamide gel electrophoresis as described by Kaltschmidt and Wittmann (15) . The acidic protein portion of each gel is shown in Fig. 1 Fig. 4 ). A simultaneous alteration of both L7 and L12 in mutant ts9 is expected since these two proteins are identical except for the N-terminal acetylation of serine in protein L7 (21) . With the exception of L7/L12, all of the ribosomal proteins found in the standard two-dimension patterns of Kaltschmidt and Wittmann (19) are the same in mutant ts9 CPF78 F462 dF375  FIG. 2 . The L7/L12 proteins from a rpyL+/rpyL-merodiploid. Strains CP78, JF462, and JF375 were screened for the L7/L12 protein alteration as described in Materials and Methods using the pH 8.9 gel system. CP78 is rpyL+, JF462 is the rpyL+/rpyLmerodiploid, and JF375 is rpyL-(see Table 1 ). The lower bands are proteins L7/L12. (L7 and L12 migrate together at pH 8.9.) The upper bands are aggregates of L7 and L12. and wild type. However we find an extra spot in our gels near the position occupied by L8 and L9 (Fig. 1) , which mimics the L7/L12 alteration. This spot has been identified as an aggregate of L7/L12 in a series of experiments (unpublished) in which the following observations were made: (a) A 00 ethanol wash of whole ribosomes, which is known to remove only L7/L12 (22), almost completely removed both L7/L12 and the extra spot. (b) Examination of the protein removed from the ribosomes in the ethanol wash showed that at least 95% of it co-electrophoresed with L7/L12. These results are consistent with earlier reports of L7/L12 dimerization and aggregation (23) (24) (25) . We conclude that the "extra spot" is an aggregate of L7/L12 and that the primary alteration in mutant ts9 is in the proteins L7/L12.
Co-dominance of the Mutation. Merodiploids were constructed in which the temperature sensitivity and the locus for the altered ribosomal protein were carried on the chromosome, and the wild-type alleles of these genes on the episome (F'l10; ref. 26) . A polyacrylamide gel of the proteins from such a merodiploid, as well as those from both mutant and wild type, is shown in Fig. 2 . It is clear that the merodiploid strain contains both altered and normal L7/L12, in agreement with the earlier report (8) .
The L7/L12 alteration maps near rif and reiC. We have named the locus for the altered ribosomal protein rpyL and have retained the name rts for the locus conferring the temperature sensitive phenotype. Table 2 presents data from two genetic crosses involving several markers in the metB-purD region. Seventy-seven of the original 428 transductants were analyzed with respect to the altered mobility phenotype of proteins L7/L12 as described in Materials and Methods. These data show that both reiC and rpyL are very close to rif, but in themselves are insufficient to determine an unequivocal order of these three loci. Further analysis was carried out using the transducing phage XcI857S7drifl2. This phage carries E. coli Table 2 and the X transduction described in the text. Beneath the map co-transduction frequencies (in percent) between unselected and selected markers (arrow points to selected marker) in the P1 transductions are given. The percent co-transduction with respect to rpyL was calculated by making use of the location of this gene established by examination of recombinants in the rts to rif region and by the assumption that the great majority of nonrecombinants among the markers rts, re1C, and rif would also be nonrecombinants with respect to rpyL. Thus, it was assumed in Table 2A , rows 4 and 8, that all recombinants of these two classes were also recombinant for rpyL, even though only six of each class were tested. The numbers in parentheses (Table 2) were used in the calculation of these co-transduction frequencies. The portion of the map from bfe to rif has been drawn in enlargement. The E. coli genes carried by XcI857S7drif'd12 have also been indicated along with the fact that this X phage apparently carries the locus for the fl subunit of E.
coli. (rif) but not that of f3' (immediately to the right of riJ) (27) . * Although rare recombinants between reiC and rpyL were obtained (3/354) the orientation of these two loci with respect to each other could not be unambiguously determined.
genetic material clockwise from the bfe locus and counterclockwise from the rif locus (the structural gene of the I3 subunit of RNA polymerase) but does not complement a mutation affecting the f3' subunit which appears to be located immediately clockwise from rif (27) . Therefore, if this phage can yield transduction of the reMC and/or rpyL loci, these loci must be located counterclockwise from rif. Strains JF432 and JF433 (rts8, rpyL-rifs) could both be transduced to the heterozygous condition rpyL+/rpyL-by this phage. Similarly, strain NF917 (relC-, rifS) could be made phenotypically stringent by a similar cross. Thus both these loci are situated counterclockwise from and closely linked to rif, but our data cannot yield an unambiguous gene order of rpyL and reMC with respect to each other. Data from these genetic crosses are summarized in Fig. 3 . Proteins L7/L12 are known to be involved in many of the ribosome reactions (e.g., ref. 28). Nevertheless we have found no differences between rpyL-and rpyL+ isogenic strains when tested for the following characteristics: growth rates at different temperatures, sensitivity to carbon source shift up or down, ability to suppress UAA, UAG, or UGA codons in bacteriophage T4, and the relaxed phenotype (unpublished data). In this regard the mutation is similar to that affecting S18 (29) , which is identifiable only by changes in electrophoretic mobility.
Synthesis of ribosomal proteins directed by Xdrifd phage. The radioactive proteins synthesized in ultravioletirradiated E. coli infected with XcI857S7drifd18 are shown in Fig. 4 . The radioactive spots in Fig. 4B which correspond exactly to the stained marker spots in Fig. 4A these genes on the phage. A control experiment with ultraviolet-irradiated cells alone showed only very faint radioactive spots, none of which corresponded to ribosomal proteins (unpublished). An experiment with X helper-infected cells (Fig.  4C) showed no radioactive ribosomal protein spots with the exception of a faint snot near the L7/L12 aggregate. The in-tensity of this spot is less than 10% of that seen in the corresponding position in Fig. 4B . Careful examination of this faint spot showed that it aligns with the lower, right-hand portion of the L7/L12 aggregate stained spot. Thus it is most likely not the aggregate itself, but some unidentified A protein.
DISCUSSION
The presence of both mutant and wild-type L7 and L12 proteins in rpyL+/rpyL-merodiploids and the observation that Xdrifd18 encodes the information for L7/L12 proteins is best explained by assuming that rpyL is the structural gene for these proteins. The alternative, that the mutation affects an L7/L12 modifying enzyme, is unlikely since this class of mutations should be recessive in merodiploids. Therefore, we have named the locus rpyL in the proposed nomenclature for ribosomal protein structural genes (30) .
The primary amino-acid sequences of L7 and L12 are identical except for an acetyl group on the N-terminal serine of L7 (21) and in titro acetylation of L12 to L7 by crude extracts has been demonstrated (31, 32) . A structural gene mutation simultaneously affecting both species verifies that they are the same gene product.
The rpyL locus is very close to that of reiC. Although their close proximity may be coincidental it is possible that these mutations, both affecting the 50S subunit, are alleles of the same gene; or they could be two genes in a new operon of ribosomal protein structural genes which includes LI, LIO, L11, and possibly others. The findings that antibody to L7/Li2 inhibits the ribosome-free production of ppGpp catalyzed by the NH4CI ribosomal wash (quoted in ref. 33) , and that ethanol extracts of relC+ strains stimulate the production of pppGpp by relC-ribosomes (Parker, Watson, and Friesen, unpublished experiments) could argue in favor of the first possibility. No alterations in electrophoretic mobility of ribosomal protein have yet been detected in extracts of relC-strains (Watson, Parker, and Friesen, unpublished experiments).
The conclusion that the structural genes for proteins LI, L10, and LII, and possibly L8 or L9, are in the rpyL region rests on the observation of coincident radioactive and marker spots on the electropherogram (Fig. 4) . The fact that none of these proteins, with the exception of L11, is synthesized under the direction of a Xdspc phage (34) is compatible with their structural genes being at a different chromosomal site. Protein L11, however, is synthesized under the direction of a Xdspc phage (34) 
